Esterification of cholesterol with [l-14 C]palmityl-CoA by an atherosclerotic cell-free homogenate was approximately 16-50-fold greater than that by a normal cell-free homogenate for a given amount of protein in the homogenate. This difference was due to hyperactivity of the cholesterol-esterifying system in the atherosclerotic cell-free homogenate rather than to depletion of radioactive palmityl-CoA in the reaction mixture containing normal homogenate. Neither an activator of cholesterol esterification in the soluble fraction of the atherosclerotic aortic homogenate nor an inhibitor in the soluble fraction of the normal aortic homogenate could be demonstrated. The pH optimum within the pH range covered for esterification and the apparent K m values were approximately the same in normal and atherosclerotic microsomes, suggesting that the enzymes were probably the same. The results suggested a higher concentration or a higher activity of the enzyme in or on atherosclerotic microsomes. An alternative possibility is that high concentrations of free cholesterol in the atherosclerotic microsomes were responsible for the augmented cholesterol esterification. This possibility seems unlikely, because the observed 2.3-fold increase in the free cholesterol concentration should not produce a 25-fold increase in cholesterol esterification. The rate of cholesterol esterification by atherosclerotic microsomes varied with the substrate: oleyl-CoA ] > palmityl-CoA > linoleyl-CoA.
diaphragm was removed, washed with ice-cold saline, and stripped of periarterial fat. The aorta was opened along the longitudinal axis, and most of the adventitial layer was removed by scraping with a razor blade. A cell-free homogenate of the remaining tissue, i.e., the intima, the media, and the remaining shreds of the adventitia, was prepared in O.lM phosphate buffer (pH 7.4) as described previously (fi). The cell-free homogenate was centrifuged at 12,000 g for 15 minutes to isolate the mitochondria. The resulting supernatant fraction was centrifuged at 12,000 g for 15 minutes to isolate the mitochondria. The resulting supernatant fraction was centrifuged at 107,000 g for 30 minutes to permit sedimentation of microsomes. Microsomes and mitochondria were washed individually by suspension and centrifugation and were dispersed uniformly in phosphate buffer with a tissue grinder. In some experiments a high-speed supernatant fraction and a particulate fraction containing microsomes and mitochondria were used. These fractions were obtained by centrifuging a cell-free homogenate at 107,000 g for 30 minutes. The particulate fraction was washed as described above.
The composition of the incubation medium is given in the footnote to Table 1 . As a control, 0.1 ml of O.lM phosphate buffer, boiled (5 minutes) subcellular components in phosphate buffer, or both were substituted for fresh subcellular components. Boiling completely inactivated the enzymatic activity as shown by the lack of difference between the two types of controls. Appropriate corrections were made for the small nonenzymatic activities.
In experiments on the effect of pH on cholesterol esterification, the phosphate buffer of the incubation medium was prepared by mixing 0.05M K 2 HPO 4 and 0.05M KH 2 PO 4 solutions in varying proportions; each solution contained fatty acid-free albumin (1 mg/ml). The pH of these solutions was determined after the addition of buffers which would otherwise have contained microsomes and radioactive palmityl-CoA. The pH was checked in some instances after adding microsomes; the results agreed with the pH obtained without microsomes.
After incubation, the reaction was stopped by the addition of 20 ml of a chloroform-methanol solution (2:1). Lipid was isolated from the extract by the procedure of Folch et al. (7) and fractioned by thin-layer chromatography on silica gel G. Cholesteryl ester, triglyceride, free fatty acid, cholesterol plus diglyceride, and phosphatide were obtained after development of the plate in a 1% acetic acid-16% diethyl ether-83% hexane mixture. Areas of lipid components were individually scraped into counting vials, suspended in a thixotropic gel (8) , and assayed for radioactivity in a Packard liquidscintillation spectrometer. Counting efficiency was 75%. No quenching was observed. Each sample was counted a minimum of 2,000 counts/min. Acyl-CoA esters were prepared by the procedure described by Baker and Lynen (9) . [l- 14 radiopurity of the fatty acyl moieties of the CoA esters was confirmed by reverse-phase chromatography.
Protein concentration of subcellular components was determined by the method of Lowry et al. (10) . Fatty acid-free albumin was prepared by the method of Chen et al. (11) . Cholesterol concentration of microsomes was determined by the method of Solow and Freeman (12) .
Results
The fate of [l-14 C]palmityl-CoA in cell-free homogenates derived from normal and atherosclerotic aortas was examined. The pattern of incorporation of the palmityl group of palmityl-CoA into lipid components with time is shown in Figure 1 . The relative magnitude of incorporation in atherosclerotic cell-free homogenates was phosphatide >free fatty acid > cholesteryl ester > cholesterol plus diglyceride = triglyceride. In the normal cell-free homogenate it was free fatty acid > phosphatide > triglyceride = cholesterol plus diglyceride = cholesteryl ester. Synthesis of cholesteryl ester and phosphatide was significantly greater in the atherosclerotic homogenate than it was in the normal cell-free homogenate. Hydrolysis to free fatty acid by the normal homogenate, however, was much greater than that by the atherosclerotic cell-free homogenate.
Cholesterol esterification in atherosclerotic homogenate ( Fig. 1) was increased approximately 40-fold above that in the normal cell-free homogenate. Moreover, deacylation of pahnityl-CoA by normal cell-free homogenate was high relative to that by atherosclerotic homogenate. Therefore, we considered the possibility that more rapid depletion of radioactive palmityl-CoA in the reaction mixture containing normal homogenate, i.e., more rapid disappearance of substrate, caused the smaller incorporation of acyl-CoA into cholesteryl ester in normal cell-free homogenate. The data in Figure  1 were used to estimate unreacted palmityl-CoA in the incubation medium at each time interval (Table  1 ). This estimation was determined by the difference between the amount of palmityl-CoA added to the incubation medium and the amount of palmityl-CoA incorporated into isolated lipid components at each time interval. An average was taken of the remaining palmityl-CoA at the beginning and at the end of each time interval, thus giving an estimate of the remaining palmityl-CoA in the middle of the time interval. As shown in Table  1 , the remaining radioactive palmityl-CoA was the same or slightly higher in the incubation medium containing normal cell-free homogenate at each time interval as it was in the incubation medium containing atherosclerotic homogenate. Despite this finding, cholesterol esterification by the atherosclerotic homogenate was 33-78-fold greater than that by the normal homogenate, indicating that atherosclerotic cell^free homogenate itself is more active in cholesterol esterification ( Table 1) .
Cell-free homogenates d e r i v e d from atherosclerotic and normal rabbit aortas were examined for a soluble activator of cholesterol esterification in the former or an inhibitor in the latter. High-speed supernatant and particulate (microsomes plus mitochondria) fractions were tested individually and in combinations for cholesterol-esterifying activity ( Table 2 ). Most of the cholesterol-esterifying activity, approximately 87% of the total, was localized in the particulate fraction. Addition of the high-speed supernatant fraction of atherosclerotic aorta to the normal particulate fraction increased the cholesterol-esterifying activity of the mixture with an 8-minute incubation but did not increase it to the extent observed with the atherosclerotic particulate fraction. The increase was due to the added esterifying activity of the atherosclerotic supernatant fraction. Conversely, addition of the normal high-speed super- Incubation medium consisted of 0.5 ml of 0.1M phosphate buffer (pH 7.4) containing 0.48 mg of defatted albumin and 0.4 u.c of [l-14 C] palmityl-CoA (7.92 nmoles) to which 0.1 ml of cell-free homogenate was added. The incubation medium was shaken at 37°C under air.
"Remaining palmity-CoA was estimated for the middle of each time interval by the difference between the radioactivity of added palmityl-CoA and the radioactivity recovered in lipid components. Incubation medium is the same as that in Table 1 except for subcellular preparation. Incubation time was 8 mtnutes. The protein concentrations of the atherosclerotic and normal particulate fractions in the incubation medium were 2.6 mg/ml and 2.4 mg/ml, respectively. The volume of the supernatant fluid added was proportional to the ratio of the total volume of the supernatant fluid to the protein content of the particulate fraction. N -normal, and A -atherosclerotic, NS -not significant.
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natant fraction to the atherosclerotic particulate fraction did not reduce the cholesterol-esterifying activity of the atherosclerotic particulate fraction to that of the normal particulate fraction. Similar results were obtained after 4 and 16 minutes of incubation. The data suggest that neither a soluble activator nor an inhibitor accounts for the difference in the cholesterol-esterifying activity of atherosclerotic and normal cell-free homogenates. The effect of pH on cholesterol esterification by normal and atherosclerotic microsomes is shown in Figure 2 . It has been shown previously (6) that most of the cholesterol-esterifying activity resides in this subcellular fraction. At each pH, cholesterol esterification was greater with atherosclerotic microsomes, than it was with normal microsomes. Enzyme activity of atherosclerotic and normal microsomes rose with increasing pH to reach a plateau beyond pH 7.0. Esterifying activity beyond pH 8.3 was not determined, because a different buffer would have been necessary. The pH 7.4 was 
Incorporation of palmityl group of [l-HC]palmityl-CoA into cholesteryl ester derived from normal and atherosclerotic microsomes as a function ofpH. The expanded ordinate scale at the right applies to the data for normal microsomes. Incubation time was 16 minutes. Circles indicate atherosclerotic microsomes and triangles indicate normal microsomes. Overall difference in the values between atherosclerotic and normal microsomes was significant at the 0.05% level as assessed by the analysis of variance.
selected for subsequent experiments, because it is the physiological pH.
The effect of palmityl-CoA concentration on cholesterol esterification is presented in Figure 3 . Cholesterol esterification by atherosclerotic microsomes was much greater than that by normal microsomes at each concentration of palmityl-CoA; the overall average increase above normal was 14fold. Within the concentration range up to 13.5 fj.M, the cholesterol-esterifying activity of both the normal and the diseased microsomes reached saturation at 6.6 fj.M. In one experiment the reaction mixture was preincubated 2 minutes before radioactive palmityl-CoA was added, and a shorter incubation time (8 minutes) was used. Both results were similar. The ranges of apparent K m values for the normal and the atherosclerotic microsomes were 1.9 to 3.6 /xMand 2.1 to 2.7 JUM, respectively. These results provide partial evidence that the dominant enzyme activities responsible for cholesterol esterification are the same in normal and atherosclerotic microsomes. At higher concentrations of palmityl-CoA, i.e., 69.0 piM, the enzyme activity of the atherosclerotic microsomes was 55% lower than the activity at the saturation level; total inhibition was observed at 127 fiM. These results are in keeping with the known inhibitory effect of acyl-CoA at higher concentrations, e.g., during phosphatide synthesis (13) .
The concentration of unesterified cholesterol and the cholesterol-esterifying activity of the microsomes were examined ( Table 3 ). The free cholesterol concentration of atherosclerotic microsomes was 2.3-fold greater than that of normal microsomes, whereas the increase in the cholesterol-esterifying activity of the same atherosclerotic microsomes was 25-fold that of normal microsomes. In the same experiment, microsomal concentration of esterified cholesterol was augmented 7-fold in the atherosclerotic microsomes ( Table 3 ).
The relative utilization of various acyl-CoA esters in cholesterol esterification by normal and atherosclerotic microsomes was studied at two concentrations of acyl-CoA esters (Table 4 ). First, two experiments were done at a concentration of 10.1 ju,M. Cholesterol esterification increased progressively with the time of incubation. At each time period cholesterol esterification with each of the acyl-CoA esters by atherosclerotic microsomes was greater than that with normal microsomes. Discrimination in the formation of cholesteryl ester with acyl-CoA esters by atherosclerotic microsomes was observed at 8 and 16 minutes; the relative order was oleyl-CoA > palmityl-CoA > stearyl-CoA = linoleyl-CoA. The same tendency was evident after a 4-minute incubation. Cholesterol esterification with acyl-CoA esters by normal microsomes did not yield a consistent pattern Conditions of incubation were the same as described in Table 1 at each incubation period because of low count rates.
Incorporation of Acyl-CoA into Cholesteryl Ester by Normal and Atherosclerotic Microsomes
The results with atherosclerotic microsomes could reflect (l) a discriminate reduction in the concentration of CoA esters with time of incubation, (2) a possibility that the concentration of 10.1 fiM was not the saturating concentration for all acyl-CoA esters, or (3) a preferential transacylation of oleyl-CoA and palmityl-CoA. To eliminate the first two possibilities, a third experiment was done using a short incubation time (4 minutes) and two concentrations of acyl-CoA esters (10.1 /u, M and 13.5 /U.M), both of which saturate the cholesterolesterifying system with palmityl-CoA. As shown in Table 4 , the concentrations of both 10.1 fiM and 13.5 fiM were sufficient to saturate the enzyme system with palmityi-CoA, oleyl-CoA, and linoleyl-CoA but apparently not with stearyl-CoA. The results indicate that the same relative order of incorporation of fatty acids from the various substrates was obtained at both concentrations and that the cholesterol-esterifying system showed Circulation Research, Vol. XXXIV, February 1974 some specificity toward CoA esters of palmitic, oleic, and linoleic acids. A greater range of concentrations other than that used would have been desirable to encompass a concentration that would saturate the enzyme with stearyl-CoA; however, the possibility of inhibiting the enzyme at higher concentrations of acyl-CoA prevented the use of an expanded range. The marked difference in the results of experiments 1 and 3 (Table 4) is probably related to a difference in the severity of the disease. It is common for individual rabbits to display various degrees of atherosclerosis after the same period of cholesterol feeding. Despite this phenomenon, the order of specificity remained the same.
Discussion
Three mechanisms for the esterification of cholesterol by normal and atherosclerotic aortic preparations have been reported (4, 5, 14) . We have shown in our preparation that acyl-CoAcholesterol acyltransferase is the dominant, if not the only, enzyme responsible for cholesterol esterification (6) . In these studies, acyl-CoA was used as a substrate to characterize the cholesterolesterifying activity of aortic tissue. Acyl-CoA was used instead of fatty acid because it is water soluble and, hence, not subject to biphasic considerations and because it permits the study of activity of a single enzyme instead of the resultant activity of two enzyme systems.
We have shown previously (6) that acyl-CoA-cholesterol acyltransferase is localized for the most part in the microsomes, although some of the activity is found in the mitochondrial fraction of atherosclerotic tissue. Since the fractions were characterized only as to ultracentrifugal behavior, cross-contamination may have prevailed. The distribution of the enzyme in aortic tissue is similar to that in liver tissue according to Goodman et al. (15) . In our experiments, esterification of cholesterol by atherosclerotic microsomes was much more active than that by normal microsomes. These results were apparently not an artifact due to a smaller pool size of acyl-CoA in the atherosclerotic microsomes c o m p a r e d with the normal microsomes, because the difference in activity persisted at higher concentrations of palmityl-CoA at which the endogenous pool sizes of acyl-CoA would have a lesser influence.
The enhancement of cholesterol esterification by atherosclerotic microsomes relative to normal microsomes was not due to the presence of an activator in the soluble fraction of atherosclerotic cell-free homogenates, to decreased competition of other enzymes for acyl-CoA substrate, or to the activity of an abnormal enzyme, as suggested in this case by the similarity in pH optimum and K m of the cholesterol-esterifying enzyme. We concluded from t h e s e e x p e r i m e n t s t h a t i n c r e a s e d atherosclerotic microsomal activity relative to normal microsomal activity could arise from either: higher concentration of the enzyme in or on the microsomes, greater accessibility of substrates to enzyme due to altered physical state of the microsomes, or higher microsomal free cholesterol concentrations. The last possibility seems unlikely, since it is difficult to imagine that a 2.3-fold increase in unesterified cholesterol concentration can produce a 25-fold increase in cholesterol esterification by the atherosclerotic microsome.
The response of the cholesterol-esterifying system to pH could conceivably be due to a change in ionic strength, since the ionic strength increases with pH. The effect is probably due to pH since Proudlock and Day (16) obtained the same pH optimum with a reaction mixture having an ionic strength much higher than that of our reaction mixture.
Cholesterol-esterifying activity of aortic microsomes resembles that of liver microsomes. The pH for optimum activity is about the same for both. However the K m of this reaction is much lower than that calculated from the data of Goodman et al. (15) for liver microsomes. The pH optimum (7.4) of aortic microsomes observed in these experiments was the same as that reported by Proudlock and Day (16) for the ATP-and CoA-dependent cholesterol-esterifying enzyme derived from atherosclerotic intima. The pH characteristics of aortic microsomes are unlike those of adrenal microsomes in that the pH optimum range for the latter is sharp and the pH optimum is 6.6 (17) .
The reported K m values for the cholesterolesterifying systems of atherosclerotic and normal microsomes are considered to be apparent K m values, since it is uncertain whether the enzyme systems are saturated with the cholesterol substrate. It is conceivable that true K m values could be different for the enzyme systems of atherosclerotic and normal microsomes and also that the similar apparent K m values could be obtained by the compensating effect of the differing degrees of saturation of the enzyme systems by the cholesterol substrate; however, the chance of such an occurrence seems small. We have therefore used the apparent K m value as a characteristic of the cholesterolesterifying system. The rate of cholesterol esterification observed in this paper (Fig. 2) is approximately equal to that obtained by Abdulla and Adams (18) with human atherosclerotic homogenate in the absence of antioxidants in their incubation mixture. However, in their study lecithin was used to measure transesterification of cholesterol with the /3-fatty acid of lecithin. Not all observers agree that lecithin-cholesterol acyltransferase is present in atherosclerotic tissue (4, 18) . However, even if arterial tissue does contain lecithin-cholesterol acyltransferase activity, there is a circumstantial reason for believing that acyl-CoA-cholesterol acyltransferase activity is more important in atherogenesis. According to Abdulla et al. (5) , arterial lecithin-cholesterol acyltransferase activity rises about 40% during atherogenesis, whereas the activity of acyl-CoA-cholesterol acyltransferase is elevated several thousand per cent during atheroma formation.
The cholesterol-esterifying system of atherosclerotic microsomes demonstrated preference toward some of the acyl-CoA esters tested. Incorporation into cholesteryl ester was greatest with oleyl-CoA followed by palmityl-CoA and least with linoleyl-CoA. The rates of incorporation of oleyl-CoA and palmityl-CoA into cholesteryl ester relative to linoleyl-CoA were on the average 2.1 and 1.8, respectively. This discrimination may well be a major reason for the dominance of cholesteryl oleate in rabbit atheroma (19) .
Incorporation of the acyl group of palmityl-CoA into lipids other than cholesteryl ester by cell-free homogenates of aortas from rabbits fed a cholesterol-containing diet for 4-6 months was also examined. The results were comparable to those obtained by St. Clair et al. (4) with aortic homogenates of pigeons fed a cholesterol-containing diet for 4-5 months: phosphatide and cholesteryl ester synthesis were increased above normal in atherosclerotic homogenates.
